'Hints' in the horn: diagnostic clues in the stratum corneum
The stratum corneum (also known as horny layer) is the uppermost layer of the epidermis and is chiefly responsible for the skin's barrier function. It prevents unwanted materials and microorganisms from entering the body, and avoids body water loss, thus contributing to the body's fluid balance.
Structurally, the stratum corneum is made up mainly of the corneocytes embedded in a lipid matrix in a fashion comparable to 'bricks and mortar'. 1 The corneocytes are piled up in 18-20 layers with a mean thickness ranging from 8.2 to 12.9 μm, based on body site, 1,2 while the lipid Review matrix is composed of lipids filling the tortuous spaces in-between corneocytes; the latter results from the lamellar bodies secretion of prolipids at the interface between the granular and corneal layers.
Other components include the corneodesmosomes (which are specialized intercellular structures that bind corneocytes and are programmed to undergo orderly degradation to allow physiological elimination of the most superficial cells), and the lipolytic and proteolytic enzymes (that are involved in the conversion of prolipids and proproteins, respectively). All these factors play a role in skin barrier function and in the physiological shedding of corneocytes. 1 On routine histological sections stained with hematoxylin and eosin (H&E), the stratum corneum from non-acral skin appears as a multilayered, delicate, 'basket weave-like' appearance. This is an artifact secondary to tissue formalin fixation. 3 In acral (palmoplantar) skin the stratum corneum appears considerably thicker and compact. 4 Non-acral skin may also show variations in the thickness of the stratum corneum according to body site, as demonstrated in the study by Holbrook and Odland, showing that the mean thickness of the stratum corneum is highest on the flexor forearm (12.9 μm), and progressively descends on the thigh, back and abdomen (10.9, 9.4 and 8.2 μm, respectively). 2 In addition to body site, other factors may influence the thickness of the stratum corneum such as increased thickness in the setting of highly pigmented skin and of male gender and decreased thickness associated with smoking. 5 Sun-exposed body sites have a thicker stratum corneum compared with sun-protected areas. 6 Age alone does not significantly influence the thickness of the stratum corneum, 5 although decreased water retention and barrier function are age-related factors. 7 The features of the stratum corneum that are apparent at light microscopy examination do not reflect its considerable complexity at the ultrastructural and molecular level.
In a variety of processes the stratum corneum may provide important diagnostic information. In most cases, these changes provide only clues that need to be interpreted in context of the other pathology findings, to allow a definitive diagnosis. Occasionally, the histopathologic features observed in the stratum corneum are the main pathological finding in a cutaneous biopsy.
Our aim is to provide a review of the features seen in the stratum corneum that may represent important clues to the diagnosis, either per se, or in association with other histopathological changes, in selected and distinct clinical settings (Table 1 ). In the following sections, a variety of features will be discussed, some of which have been known for a long time, whereas others are more recent, or resulting from personal observations. By definition, since these are 'clues' or 'hints', they simply represent shortcuts in the diagnostic process as their identification and interpretation often relies on the experience of the observer. For most cases, there is no evidencebased validation of these features in terms of their sensitivity, specificity or predictive value.
As per Werner Karl Heisenberg's quote: 'Every word or concept clear as it may seem to be, has only a limited range of applicability'. Thus, clues and 'hints' must be always regarded with caution, and interpreted in light of the clinical and histopathological findings.
Parakeratosis
Parakeratosis is defined by the persistence of nucleated cells in the stratum corneum and correlates clinically with the presence of scaling. 8 The main patterns of parakeratosis and their clues to specific disease include the following: Confluent parakeratosis (psoriasis, nutritional disorders), and Focal parakeratosis (a) mound-like or lenticular (pityriasis rosea); (b) 'lipping' or 'shoulder' parakeratosis (pityriasis rubra pilaris and seborrheic dermatitis); (c) alternating with orthokeratosis in a horizontal fashion [inflammatory linear verrucous epidermal nevus (ILVEN)]; (d) alternating with orthokeratosis in a horizontal and vertical fashion (pityriasis rubra pilaris); (e) patternless (in a variety of processes, including spongiotic dermatitis).
The exact mechanism leading to parakeratosis is not fully understood, but it is believed to reflect altered maturation of the epidermis resulting in the abnormal retention of the nuclei by the keratinocytes. Recently, the knowledge about molecular events, such that the downregulation of inhibitor of differentiation 4 (ID4) in skin affected by psoriasis and in other dermatoses is associated with parakeratosis, has shed some light on the possible molecular mechanisms associated with this phenomenon. 9 Parakeratosis is one of the most common abnormalities observed in the stratum corneum, being found in a myriad of pathological processes, and its diagnostic value depends on the recognition of a given pattern with the association of a particular tissue reaction Parakeratosis with spongiosis ('wet' parakeratosis) The association of parakeratosis with spongiosis is seen most frequently in cases of subacute spongiotic dermatitis, seborrheic dermatitis, pityriasis rosea and in the superficial variant of erythema annulare centrifugum. In eczematous processes, the presence of parakeratosis suggests that the disease has been ongoing for some time, thus allowing the establishment of abnormal maturation of the epidermis. In most cases, parakeratosis in this setting does not show any specific pattern, and can be seen overlying foci of spongiosis in a somewhat haphazard fashion. 11 The presence of variable spongiosis and irregular epidermal acanthosis are the other main features pointing to the diagnosis. The dermal infiltrate is variable, according to the stage in the evolution of the disease as well as the underlying etiology. 12 The features of seborrheic dermatitis are often subtle and rather non-specific, and may change considerably with the stage in the evolution of the biopsied lesion. The presence of parakeratosis, sometimes in mounds, and more characteristically around the ostia of hair follicles (so-called 'follicular lipping' or 'shoulder parakeratosis') is a useful feature, when present, pointing to this diagnosis. This feature may be associated with neutrophils. It is particularly helpful in the setting of an epidermis showing mild spongiosis with a variable degree of psoriasiform hyperplasia. 8, 13, 14 In pityriasis rosea (PR), parakeratosis is usually focal or multifocal and characteristically described as 'mound-like' or 'lenticular'. These mounds may be lifted or tilted in a way that has been compared to the opening of a teapot lid. 8 This focal parakeratosis may explain the fine collarette of scale typically seen at the periphery of lesions of pityriasis rosea. However, some authors have also found that parakeratosis in this setting may occasionally be confluent. 15 When present in multiple small foci, it has been called 'staccato parakeratosis'. 8 Additional features in PR include acanthosis (usually mild to moderate), focal spongiosis, exocytosis of lymphocytes (occasionally forming aggregates simulating Pautrier's microabscesses) and extravasation of red blood cells in the papillary dermis. 8, 11, 15, 16 Erythema annulare centrifugum also displays focal parakeratosis, and it may be very difficult to distinguish it from PR on histopathological grounds alone. The process is more localized, and the infiltrate is typically described as more tightly cuffed surrounding the superficial vascular plexus, although this might not always be the case. 11 Similar to pityriasis rosea, the pattern of focal parakeratosis may explain the thin trailing scale observed clinically in erythema annulare centrifugum.
Confluent parakeratosis with no spongiosis ('dry' parakeratosis)
With full-thickness epidermal pallor The paradigm for this pattern of parakeratosis is psoriasis, and it correlates clinically with the typical silvery scale seen in well-developed lesions. Confluent parakeratosis typically overlies a diminished or absent stratum granulosum and psoriasiform hyperplasia of the epidermis with thinning of the suprapapillary plates and tortuous dilated papillary dermal vessels. The dry quality of the parakeratosis is apparent by the tendency of the parakeratotic horn to lift up from the skin surface, a feature that we find a useful clue in this setting. It is typically accompanied by collections of neutrophils that may be focal or more extensive according to the age of the lesion, subset of psoriasis, or previous treatments. In early lesions, parakeratosis may be more focal, in mounds, and neutrophils may be found at the tips of parakeratotic foci. 8, 17 In other instances, it may be multilayered with neutrophils in hyperkeratotic lesions, such as in rupioid psoriasis (Fig. 1) . Frequently, parakeratosis in psoriasis is intermittent, placed vertically alternating with orthokeratosis, a feature that may be particularly seen in palmoplantar lesions and that may aid in the distinction from palmoplantar eczema. 18 
With upper epidermal pallor
This pattern of parakeratosis is characteristic of nutritional deficiencies (such as acrodermatitis enteropathica or acquired zinc deficiency), and necrolytic erythemas (migratory necrolytic erythema seen in the glucagonoma, pseudoglucagonoma syndrome (Fig. 2) , and acral necrolytic erythema associated with hepatitis C). All of these entities share similar histological features, the most characteristic being the presence of pallor in the upper epidermis with ballooning degeneration, scattered necrotic keratinocytes, and overlying confluent parakeratosis, sometimes with accompanying neutrophils. 8,19 -21 In late lesions the characteristic epidermal pallor may disappear, and extensive and confluent parakeratosis overlying psoriasiform hyperplasia may be the only change observed. 22 Parakeratosis alternating with orthokeratosis Parakeratosis may alternate on a horizontal plane or in both horizontal and vertical planes.
Pityriasis rubra pilaris (PRP) is a papulosquamous disorder in which the elementary skin lesion is a follicular-based squamous papule, with the histopathological hallmark characterized by the presence of alternating orthokeratosis and parakeratosis in both horizontal and vertical planes. 8, 23 This has been defined as a 'checkerboard' appearance, 'musical chart-like' pattern or 'stuttering' parakeratosis. However, this feature can be subtle or absent, and additional histopathologic features should be sought to confirm the diagnosis. 24 Of note, a 'pseudo-checkerboard' pattern has been described in mechanic's hands (commonly associated with inflammatory myositis, and with anti-aminoacyl-tRNA synthetase syndrome), and in cases of hand eczema. The authors named it a 'pseudo-checkerboard pattern' because, unlike PRP, completely orthokeratotic areas lay between the areas that show alternating parakeratosis and orthokeratosis in a vertical fashion. 25 The presence of 'follicular lipping' or 'shoulder parakeratosis' is also a feature of PRP. The underlying epidermis usually shows mild psoriasiform hyperplasia, with broader rete ridges which are usually less pronounced than in psoriasis (Fig. 3) . 8, 23, 24 Incidental acantholysis has been reported in a minority of cases; this is usually focal, and may be present in a suprabasal, mid-epidermal or subcorneal location. 26 In ILVEN, thick hyperkeratosis is typically characterized by the presence of broad zones of orthokeratosis alternating with parakeratosis in a horizontal way. Parakeratosis overlies areas of hypogranulosis, whereas orthokeratosis overlies depressed areas of hypergranulosis, and there is classically a sharp demarcation between the areas of parakeratosis and orthokeratosis. 8, 27 Exocytosis of neutrophils and psoriasiform epidermal hyperplasia are additional features of ILVEN.
Parakeratosis in columns or spires
This pattern is the hallmark of porokeratosis, in which a column of compact parakeratosis forms the so-called 'cornoid lamella', which is situated on an area of depression of the epidermis with absence of the granular cell layer and presence of dyskeratotic keratinocytes. Although cornoid lamellae may be seen in other instances, this feature is quite characteristic, and it correlates with the typical rough scaly border of the clinical lesion. 28, 29 A similar pattern is observed in viral warts (verrucae vulgares), in which 'cap-like' or spires of parakeratosis are observed. Typically the spires of parakeratosis are arranged over the tips of the papillary projections of the epithelium and alternate with the orthokeratosis overlying the hypergranulotic 'valleys' of the verrucoid hyperplastic epidermis. 8, 30 Even when the characteristic viral cytopathogenic koilocytosis induced by human papillomavirus is seen, such as in old lesions, these architectural features are often characteristic enough to suggest the diagnosis. 
Parakeratosis with a lichenoid tissue reaction pattern
Lichen planus is the prototype of lichenoid tissue reaction patterns, and the overlying horn is typically characterized by compact orthokeratosis with no parakeratosis. But the presence of parakeratosis is a qualifier that may point to other entities, such as a lichenoid drug eruption, a lichenoid keratosis (lichen planus-like keratosis) or hypertrophic lichen planus. Other situations combining this pattern include pityriasis lichenoides, Flegel disease and keratosis lichenoides chronica.
In lichenoid drug eruption, other distinguishing features, in addition to parakeratosis, include apoptotic keratinocytes at different levels of the epidermis, as well as eosinophils and/or plasma cells in the infiltrate. 31, 32 In lichenoid keratosis, the features may be very similar to the ones described for lichen planus but the clinical context (presentation as a solitary lesion) is entirely different. Moreover, there are numerous apoptotic keratinocytes, with plasma cells and occasionally eosinophils in the infiltrate. However, the histopathological spectrum of lichenoid keratosis is broader than initially described. 33 In hypertrophic lichen planus, in addition to parakeratosis, distinguishing features are marked acanthosis (occasionally amounting to pseudoepitheliomatous hyperplasia), with apoptotic keratinocytes at different levels and eosinophils and plasma cells in the infiltrate.
The spectrum of pityriasis lichenoides varies from an acute form (pityriasis lichenoides et varioliformis acuta) to the chronic form (pityriasis lichenoides chronica), and is characterized histopathologically by parakeratosis, exocytosis of lymphocytes with variable spongiosis, apoptotic keratinocytes, extravasated red blood cells in the papillary dermis, and a wedge-shaped superficial and deep dermal lymphocytic infiltrate. 34 Parakeratosis is typically focal, and correlates clinically with the mica scale. It has been stated that the findings seen in the stratum corneum may provide important diagnostic clues in the chronic stage of pityriasis lichenoides chronica, whereas the lichenoid changes and inflammatory infiltrate may be subtle: in this setting, the stratum corneum is often thick, laminated and bright pink, with focal or more confluent parakeratosis containing flecks of melanin. 35 Flegel disease (hyperkeratosis lenticularis perstans) is a rare dermatosis of unknown etiology characterized by small keratotic and lenticular lesions with predilection for the lower legs and dorsum of the feet. The lesions typically bleed after removal of the keratotic surface. 36 It has been proposed that Flegel disease is a disorder of keratinization related to abnormalities in membrane-coating granules (lamellar granular or Odland bodies). 37 Histopathologically it presents with areas of hyperkeratotic stratum corneum, which may be focally parakeratotic, overlying an atrophic epidermis with hypogranulosis and a focal lichenoid infiltrate. The areas described characteristically show a tent-like configuration, 37 although in our experience this feature is not invariable. In addition, late lesions may not display the atrophy and lichenoid infiltrate of earlier lesions, and this stage shows mainly compact hyperkeratosis overlying a thickened granular layer within an epidermis with normal thickness. 37 Keratosis lichenoides chronica, also known as Nekam's disease, is a rare condition of unknown etiology, characterized by a seborrheic dermatitis-like facial rash and a distinctive rash on the trunk and limbs characterized by multiple lichenoid and keratotic papules with a reticulate and linear arrangement. Fewer than 100 cases have been described, but this diagnosis is dubious in a significant proportion of cases described in the literature. 38 The histological features include hyperkeratosis with parakeratosis in a staggered fashion, uneven acanthosis, and a lichenoid tissue reaction pattern with numerous necrotic keratinocytes. The band-like infiltrate in the dermis may be centered on infundibula and acrosyringia. 38 Parakeratosis with granules The finding of granular parakeratosis is so characteristic that a specific diagnosis can be made from the stratum corneum alone. This rare entity most commonly affects the axillary folds, and occasionally other body folds, with predominance in middle-aged women. The typical lesions are plaques with a keratotic surface, sometimes with maceration. The pathophysiology is currently unknown, but a few authors have suggested that it could be due to a contact reaction in association with deodorants or antiperspirants. 39 The molecular mechanism likely involves an abnormal process of keratinization due to defective cleavage of profilaggrin to filaggrin, with consequent failure in the degradation of keratohyaline granules, thus explaining their retention in the stratum corneum. 40 Histopathology consists of confluent parakeratosis with numerous small basophilic granules that represent retention of keratohyaline granules throughout the stratum corneum. The underlying epidermis may show a mild psoriasiform hyperplasia; occasionally, perinuclear vacuolization of keratinocytes in the granular cell layer may be seen. (Fig. 4) . 39, 40 Detached horn While a detached horn may be secondary to artifact, it may, on the other hand, be a subtle clue for a specific diagnosis. In fact, if associated with subcorneal acantholysis, the differential diagnoses include pemphigus foliaceus, bullous impetigo and staphylococcal scalded skin syndrome (SSSS).
Pemphigus foliaceus
Pemphigus encompasses a group of autoimmune blistering disorders characterized by 
(inset), (B) and the lower limbs (C). Direct immunofluorescence showing the characteristic intraepidermal intercellular deposition of IgG (D). Early lesion (Case 1). Punch biopsy showing a subtle uniformly detached horn (E), due to subcorneal-intragranular acantholysis (F). Higher magnification showing the 'incipient' subcorneal-intragranular acantholysis of hyperchromatic granular cells (G), and of a subcorneal-acantholytic granular cell (H). Advanced lesion (Case 2).
Intraepidermal subcorneal blister with overlying detached epidermal roof and the cavity filled with neutrophils, serum and acantholytic cells (I). Details of the acantholytic dyskeratotic 'herpes-like' keratinocytes admixed with neutrophils within the blister cavity (J). Late lesion (Case 3). Acanthotic epidermis mimicking a subacute to chronic spongiotic dermatitis with overlying parakeratosis containing inspissated serum. Subtle subcorneal acantholysis is present at the level of the follicular infundibulum (K), as appreciated at higher power magnification (L). acantholysis occurring at different levels within the epidermis. In pemphigus foliaceus, acantholysis occurs in the uppermost layers of the epidermis, namely just below the stratum corneum or within the stratum granulosum. Clinically, there are usually no intact blisters as the level of cleavage is superficial, and consequently there are predominantly erosions, crusts or scaling, that may even simulate a papulosquamous disorder. Sometimes a blistering disorder is not suspected on clinical grounds. Similarly, the histological findings can be deceiving, since the superficial nature of the acantholysis may be missed. A high degree of suspicion is necessary to detect the subtle presence of acantholytic cells close to the roof or floor of the blister. The term 'cling-ons' is used to describe the presence of acantholytic keratinocytes adherent to the roof of the blister. Occasionally, the stratum corneum is detached during processing, and only the floor of the blister is present with few acantholytic cells. Significant numbers of inflammatory cells in the blister cavity may be present in advanced lesions, particularly of neutrophils. In this setting, pemphigus foliaceus may mimic bullous impetigo, subcorneal pustular dermatosis, IgA pemphigus, as well as herpes. 41 Of note, 'herpes-like' histopathological changes have been described in the setting of pemphigus foliaceus. 42 When lesions are chronic, the epidermis is acanthotic and simulates a subacute to chronic spongiotic dermatitis; but a subtle clue to pemphigus foliaceus is the identification of focal subcorneal acantholysis at the level of adnexal ostia of hair follicles or eccrine glands. As for the latter, careful clinical-pathological correlation is required to distinguish it from acrosyringeal acantholysis, a feature observed in Grover's disease. 43 Direct and indirect immunofluorescence studies showing the characteristic net-like pattern of intraepidermal intercellular deposition of IgG and C3 are paramount to distinguish pemphigus foliaceus from its mimickers; however, the histological clues of the different phases are important to suggest the appropriate diagnosis. 41, 42 (Fig. 5) Review 
Bullous impetigo and SSSS
Both bullous impetigo and SSSS are caused by infection with strains of Staphylococcus aureus, most commonly of the phage group II, producing the exfoliative toxins ETA and ETB. Bullous impetigo is regarded as the localized variant and SSSS as the generalized variant of the same disease process, resulting in superficial (usually subcorneal) epidermal acantholysis. It has been demonstrated that ETA and ETB toxins bind to desmoglein 1 causing its cleavage, and thus interfering with its normal function in desmosomes. 44 -46 Therefore, it is not surprising that histopathologically the changes seen in bullous impetigo and SSSS are identical to the ones found in pemphigus foliaceus with subcorneal acantholysis, and a blister cavity containing a variable number of neutrophils. In bullous impetigo Gram-positive cocci are detected with Gram stain.
Increased stratum corneum
Ichthyoses and palmoplantar keratodermas It is beyond the scope of this review to address in detail the histological features of this extensive and complex group of diseases. Although the main changes seen in this setting are usually confined, or at least predominantly seen, in the stratum corneum, conventional histology plays a limited role in the distinction between the different types of ichthyoses and palmoplantar keratodermas.
Most ichthyoses are characterized by hyperkeratosis, predominantly orthokeratotic, which often displays a laminated appearance. This correlates clinically with the presence of large, often polyhedral, thick scales that frequently display a brownish color, resulting in a dirty appearance. A variable degree of acanthosis usually completes the histological picture (Fig. 6) 47 . Diagnosis relies mostly on the combination of clinical assessment, genetic studies and ultrastructural, immunohistochemical and immunofluorescence techniques. A few associated histopathological features, however, can be of value in this setting:
1 A reduced or absent stratum granulosum points to ichthyosis vulgaris. 48 This feature is not pathognomonic, since it has also been described in acquired ichthyosis, Netherton's syndrome, Refsum's syndrome, trichothiodystrophy and Conradi-Hünermann-Happle syndrome. 47 2 The presence of epidermolytic hyperkeratosis will point to bullous congenital ichthyosiform erythroderma or to an epidermolytic palmoplantar keratoderma (Vörner type), according to whether the clinical picture is that of an ichthyosis or of a palmoplantar keratoderma, respectively. 3 Calcifications in the stratum corneum (that can be highlighted with the von Kossa stain) are a clue to Conradi-Hünermann-Happle syndrome, an X-linked dominant disease that can be associated with lesions of ichthyosis following the lines of Blaschko, caused by mutation in the emopamil binding protein (EBP) gene. 49 This finding is pathognomonic in a newborn. 4 The presence of binucleated keratinocytes with perinuclear vacuoles can point towards congenital reticular ichthyosiform erythroderma (with parakeratosis) or ichthyosis hystrix Curth-Macklin (with orthokeratosis). 50 Hyperorthokeratosis Hyperorthokeratosis is a feature of aquagenic (pseudo) keratoderma, 51 a rare disease occurring after brief immersion of normal skin into water. This entity has been linked to a heterozygous mutation of the gene of cystic fibrosis. Clinically, the areas of involvement are the palms and soles. The patients experience rapid development of plaques with wrinkling, after a brief immersion in water. The histopathologic features include increased thickness of the stratum corneum containing dilated acrosyringia, as well as dermal hyperplasia of the secretory and ductal components of the eccrine glands and increased periglandular capillaries 51 ( Fig. 7) .
Compact orthokeratosis: a clue to vitiligo
Vitiligo is a common acquired disease characterized by skin depigmentation, which affects 0.5-1% of the population. 52 Clinically, well-established lesions of vitiligo are very characteristic and consist of patches of depigmentation with irregular, sharply demarcated borders. The histopathological hallmark of vitiligo is the absence of melanin and melanocytes in the epidermis. Early lesions can be associated with an inflammatory infiltrate, which may occasionally be lichenoid in nature. 53 Epidermal features of vitiligo, namely changes in the stratum corneum, have received little attention in the literature. However, it is known that the epidermis, and especially the stratum corneum, plays a role in the protection against ultraviolet (UV) radiation, and may therefore provide a mechanism of compensation for the lack of melanin in vitiligo skin. 52 A recent study of 206 patients has demonstrated significant differences in the thickness of the stratum corneum, viable epidermis (defined as the thickness measured from the stratum granulosum or stratum lucidum to the basal layer) and full epidermis between skin with vitiligo and adjacent normal appearing skin. Skin affected with vitiligo had increased measures of all three parameters. Of note, however, these differences were only statistically significant in sun-exposed areas but not in sun-protected skin. 52 These changes in epidermal thickness can in fact be interpreted as further evidence for a compensatory mechanism occurring in vitiligo skin in areas of chronic UV exposure. These findings can explain, at least in part, the surprisingly low incidence of skin cancer in vitiligo skin. 54 
Fig. 8. Vitiligo. Patches of depigmented skin on the abdomen (A). Histopathology shows a reduction of intraepidermal melanin pigment (B) with uneven distribution, and a sparse superficial perivascular lymphoid cell infiltrate with occasional melanophages (C). Higher magnification showing irregular intraepidermal distribution of melanin pigment with loss of melanocytes and overlying compact orthokeratosis (D). Fontana-Masson stain highlights the intraepidermal melanin loss (E), and immunoperoxidase stain MITF-1 documents the absence of melanocytes (F).
In our own experience, the presence of a thickened stratum corneum, specifically compact orthokeratosis, is a valuable clue to the diagnosis of vitiligo (Fig. 8) . In well-established lesions, this may be in fact the only significant finding on H&E, and it should prompt evaluation for the presence of melanin and melanocytes within the epidermis with the use of histochemical and immunohistochemical techniques.
Decreased stratum corneum
Circumscribed palmar or plantar hypokeratosis Circumscribed palmar or plantar hypokeratosis is a recently described entity with characteristic clinicopathological features. 55, 56 It affects more commonly middle-aged women, and typically presents with a solitary, well demarcated, erythematous and slightly depressed plaque with a hyperkeratotic border, located on a palm or, less commonly, a sole (although rare non-acral cases have also been described). 56, 57 The most common locations are the thenar and hypothenar eminences. Clinical diagnoses usually include Bowen's disease and porokeratosis; however, the histological examination easily rules out these possibilities. Histopathologically it is characterized by an abrupt decrease in the thickness of the stratum corneum with a sharply demarcated border forming a stair-like (or step-like) depression. 56, 58 The underlying granular cell layer may be slightly decreased. 59 ( Fig. 9) . The exact pathogenesis of this entity is not entirely understood, but several factors have been suggested, including localized aberrant expression of keratins, a clonal epidermal abnormality, increased fragility and abnormal desquamation of corneocytes (some authors have even suggested a forme fruste of epidermolysis bullosa), trauma and human papilloma virus (HPV) infection. In isolated cases, a few strains of HPV have been detected by polymerase chain reaction, including HPV-4 and HPV-6.
56,58,59
Bacteria do not seem to be involved, as no difference has been proved between the bacterial flora present in the lesions and healthy skin. 58 
Dyskeratotic keratinocytes in the horn
The presence of dyskeratotic keratinocytes in the epidermis is a very common finding in dermatopathology, especially in the setting of a lichenoid/interface tissue reaction pattern. However, their presence in the uppermost part of the epidermis and in the stratum corneum is not a frequent finding, and can be a useful diagnostic clue. We will discuss the presence of dyskeratotic keratinocytes in the horn as a clue to incontinentia pigmenti and adult-onset Still's disease.
Review Fig. 9 . Circumscribed acral hypokeratosis. Solitary circumscribed skin depression with a slightly raised border on the lateral aspect of the finger (A). Histopathology shows a sharp transition from the hyperkeratotic area of normal skin to the hypokeratotic area of lesional skin (so-called 'step sign') (B). There is demarcation also of the epidermis, as the involved area shows an abrupt loss of the stratum lucidum and granular cell layer and the epidermis is pale (C), as best appreciated at higher magnification (D).
Incontinentia pigmenti
Incontinentia pigmenti is a rare X-linked dominant genodermatosis caused by mutations in the NEMO gene, with manifestations in the skin, eyes, central nervous system and teeth. It affects almost exclusively female newborns, since it is usually lethal for males in utero. 60, 61 The distinctive cutaneous features include the distribution of the lesions along Blaschko's lines and the presence of successive stages (vesicular, verrucous, hyperpigmented and hypopigmented). In the vesicular stage, lesions are characterized histologically by marked epidermal spongiosis and vesiculation accompanied by an infiltrate rich in eosinophils with marked exocytosis, and dyskeratotic keratinocytes. The second stage (or verrucous stage) starts between the second and sixth week of life, and is characterized by linear hyperkeratotic and verrucous lesions. 61 Histopathological changes in verrucous lesions include hyperkeratosis, acanthosis and numerous dyskeratotic keratinocytes, many of which form aggregates with a whorled pattern in the upper epidermis and extending into the stratum corneum 61, 62 (Fig. 10) . The reported painful subungual keratoacanthoma-like tumors described in some patients with incontinentia pigmenti show very similar changes to the verrucous stage, including the presence of numerous dyskeratotic keratinocytes. 63 On electron microscopy, the dyskeratotic cells have loosely arranged or clumped masses of electrondense tonofilaments. 64 In the third stage (which gives the name to the disorder) lesions are hyperpigmented and characterized by melanin incontinence in the superficial dermis. 60, 61 The fourth stage, which occurs much later, is characterized by hypopigmented lesions with decreased or absent adnexal structures, which are also distributed along Blaschko's lines. 60, 61 We underscore the finding that in the first and especially the second stage of the disease, dyskeratotic keratinocytes can be present in the superficial portion of the epidermis, and in the stratum corneum, providing an important clue for the diagnosis, particularly in the setting of superficial and small biopsy samples.
Adult-onset Still's disease
Adult-onset Still's disease (AOSD) is a systemic disease characterized by fever, arthralgia or arthritis, a cutaneous rash accompanied by elevation of inflammatory parameters and hyperferritinemia. The diagnosis rests upon the presence of a constellation of manifestations, and requires exclusion of other diseases, namely lupus erythematosus and rheumatoid arthritis (negative antinuclear antibodies and rheumatoid factor). 65 The typical cutaneous manifestation of AOSD is an evanescent eruption consisting of macules with salmon-pink color mainly distributed over the trunk. 65 The histopathological features of this rash are not entirely specific, but may show some vacuolar-interface change and a sparse mixed perivascular dermal infiltrate occasionally with neutrophils, underlying a normal epidermis. 66 However, atypical persistent rashes have been increasingly recognized in the literature. 65 -67 These eruptions are typically composed of pruritic papules and plaques, with an erythematous, brown or rarely violaceous color. Linear lesions are sometimes described, and the rash can be reminiscent of various reaction patterns and diseases, namely lichenoid, urticarial, dermatomyositis-like, prurigo pigmentosa-like or lichen amyloidosis-like. 67 While the clinical appearance of these persistent eruptions of AOSD is variable, their histopathology is rather distinctive. The histopathological hallmark is the presence of necrotic keratinocytes, predominantly in the upper layers of the epidermis and the stratum corneum, occasionally associated with mounds of parakeratosis. 65 -69 The dermal infiltrate in this context is not distinctive, being composed of superficial perivascular and interstitial lymphocytes, neutrophils and occasional eosinophils 66 ( Fig. 11) . 
Pigment in the stratum corneum
In addition to melanin, the presence of pigmented substances in the stratum corneum may be accidental in nature, sometimes of exogenous substances, and often secondary to trauma. Occasionally, in the absence of a clinical history, it can give rise to worrisome clinical features and lead to a skin biopsy (Fig. 12) .
'Talon noir' (black heel, calcaneal petechiae) The term talon noir or black heel, refers to the presence of dark brown or black macules, usually well circumscribed, that arise in areas of pressure on the sole of the foot (most commonly on the heel, hence the name). It is more common in young individuals who practice sports. 70 It is not necessarily limited to the heel, but at other sites of trauma like the wrist, and it is due to hemorrhage in the stratum corneum. The most common dermoscopic pattern is that of a red-black homogeneous pigmentation. However, it occasionally exhibits a parallel-ridge pattern, which is found in early malignant melanoma of palms and soles. A scratch test allows complete or partial removal of the pigmentation. 71 Since many of the patients do not recall a previous trauma, biopsy is performed occasionally to rule out a possible melanoma (Fig. 13) .
Histopathological features include hyperkeratosis and the presence of 'lakes of pigment' within the stratum corneum. Special stains for iron tend to be negative, probably due to the absence of proteolytic and phagocytic activity in the stratum corneum, which precludes the formation of hemosiderin. However, staining methods to detect hemoglobin, such as benzidine and patent blue V, may be positive in this setting. 
Melanin in the stratum corneum
The presence of melanin in the stratum corneum is a very common finding in melanocytic lesions, usually reflecting the fact that the lesion is heavily pigmented, and it is possible to see this feature in both benign and malignant melanocytic lesions. In the particular setting of acral melanocytic lesions, the distribution of the columns of melanin being eliminated through the stratum corneum can provide a helpful clue in distinguishing between an acral nevus and early melanoma. Melanin granules tend to form columns under the surface furrows in benign nevi, whereas the pigment accumulates at the surface ridges in acral melanomas. These patterns correlate closely with the parallel furrow pattern and parallel ridge pattern seen on dermoscopy in acral nevi and acral melanomas, respectively. Interestingly, even in nevi where the melanocytes proliferate not only at the tips of the rete ridges but also above the suprapapillary plates, the pigment is still confined in columns located above the furrows, indicating that these patterns of pigment distribution may indeed be helpful clues in the distinction between acral nevi and early melanomas. 74, 75 Exogenous pigments There are few reports of exogenous dyes giving rise to discoloration of the stratum corneum that mimic pigmented lesions, which may be particularly worrisome, especially in acral sites where they can raise the suspicion of acral lentiginous melanoma. A peculiar presentation in this setting is the entity named talon d'oyer or 'walnut heel', which is due to exposure to Juglans nigra, the black walnut tree. In spite of the worrisome clinical presentation, the pigment is not apparent on H&E staining and fails to highlight with other histochemical stains such as Fontana-Masson, Perls, periodic acid-Schiff (PAS) and Giemsa. Thus, this entity remains a diagnosis of exclusion and requires a history of exposure. 76 Similar cases of acral pigmentation clinically mimicking melanoma have been described with exposure to black rubber sandals and para-phenylenediamine, but again the histological examination fails to show any specific features in the stratum corneum. 77, 78 Infectious elements in the stratum corneum The horn as the outer layer of the skin can be host to infectious agents that may or may not have histopathological clues towards their identification. This may be fungal or bacterial in nature and may include arthropods and infestations. At times, however, they can be 'invisible' and easily missed, in the absence of a good clinical history, a high index of suspicion and the use of special stains.
Fungal

Dermatophyte infection (tinea)
Fungi of the dermatophyte group infect mainly keratinized epithelia, living in the stratum corneum of hair-bearing skin, glabrous skin (including palms and soles) as well as hair shafts and nails. In typical cases, lesions of tinea are seldom biopsied as they are recognized by their clinical pattern, with the diagnosis confirmed by direct examination and, sometimes, culture. However, cases with unusual presentation may elude diagnosis, and these are the ones usually undergoing biopsy (Fig. 14) . In these cases, the clinical diagnosis is frequently not included in the list of differential diagnoses on the request form, or, in the setting of a pigmented lesion, malignant melanoma is the clinical concern.
The classical histological clues for fungal infections were felt in the past to include compact orthokeratosis, layering of the epidermal cornification (the so-called 'sandwich sign'), neutrophils in the stratum corneum, follicular pustules and spongiosis. 10,79 -81 However, the findings can be quite variable, and include psoriasiform hyperplasia, subcorneal pustules, folliculitis, band-like inflammatory cell infiltrate, interface changes and papillary dermal edema (even a polymorphous light eruption-like infiltrate). 82 These protean manifestations make the diagnosis difficult in atypical cases, especially if the possibility of tinea is not suspected clinically. It has been proposed that a PAS stain be performed in the workup of all biopsies of inflammatory dermatoses in order to increase the diagnostic accuracy. Dermatophyte septate hyphae are difficult to visualize on H&E staining, but they are typically highlighted with the PAS stain. 82 They tend to adopt a horizontal orientation within the stratum corneum, a feature that may help in the distinction from candidiasis. 83 
Candida dermatitis
Candidiasis is another frequent form of superficial fungal infection with a wide range of clinical manifestations, often showing predilection for intertriginous areas, oral mucosa, external genitalia and periungual area. Candidiasis is more often seen in the setting of predisposing conditions, such as young age (neonates), immunosuppression, diabetes, pregnancy and antibiotic treatment. 84 The histological hallmark of candidiasis is the presence of pustules of neutrophils in the stratum corneum. 85 PAS stain demonstrates the presence of spores and pseudohyphae within them, which, unlike the filaments seen in dermatophyte infections, tend to be vertically oriented. 83 
Pityriasis versicolor (tinea versicolor)
This entity is a very common chronic and recurrent dermatosis caused by proliferation of Malassezia species in the skin (mainly Malassezia globosa, M . sympodialis, and to a lesser extent M . furfur and M . slooffiae) and affects mostly the upper trunk and arms, manifesting slightly scaly macules that can either be hypopigmented, hyperpigmented or mildly erythematous. 86 Unlike dermatophytes, Malassezia fungal forms are readily seen on H&E staining, although PAS highlights them as well. They are similarly located in the stratum corneum, consisting of a mixture of budding yeasts and short septate hyphae, imparting the classic appearance of 'spaghetti and meatballs'.
Typical cases of pityriasis versicolor are seldom biopsied; however, rare variants and unusual presentations are more likely to be biopsied, for example the atrophic variant (pityriasis versicolor atrophicans). 87, 88 In spite of their unusual clinical presentation, these cases nonetheless demonstrate the typical histopathological picture with the presence of spores and hyphae in the stratum corneum. Surprisingly, abnormalities of the elastic fibers in the dermis are not usually found, and rete-ridge effacement is sometimes the only additional histological finding. 87, 88 Bacterial Erythrasma Erythrasma is a superficial bacterial infection of the skin caused by Corynebacterium minutissimum, a Gram-positive bacillus. It presents with orange to red-brown, well demarcated patches with a slightly scaly surface, with a predilection for large body folds like the inguinal and axillary areas, and with an increased incidence in obese and diabetic patients. 89 It shows a typical coral-red fluorescence under Wood's light due to porphyrins produced by the bacteria. 90 On histopathological examination, the biopsy often appears normal on H&E, being one of the causes of the so-called 'invisible dermatoses'. Minute microrganisms can be seen in the stratum corneum using Gram stain, although they can be highlighted as well with PAS or methenamine silver. 91 Pitted keratolysis (keratolysis sulcata) Pitted keratolysis affects mostly the soles of the feet, but may occur also on the hands, and is clinically characterized by asymptomatic pits that coalesce to form sulci with a predilection for weight-bearing areas. It is associated with a moist and warm environment, and is clinically characterized by hyperhidrosis and significant malodor. 92 It is more common in individuals who use closed footwear and are submitted to heavy exercise, such as marathon runners and military personnel. Pitted keratolysis is caused by various types of bacteria, including Corynebacteria, Dermatophylus congolensis and Kytococcus (Micrococcus) sedentarius. 92, 93 Histopathological examination reveals irregular loss of the surface of the stratum corneum with irregularly distributed areas of paleness. This 'munchy loss', which is due to the dissolution of keratin by the bacterial enzymes, is an important clue that should prompt examination of a Gram stain or, alternatively, a PAS or methenamine silver preparations. The organisms are present as small cocci with or without an admixture of filamentous forms 91, 93 (Fig. 15) .
Parasitic infestations Scabies
Scabies is a very common skin infestation found worldwide, usually diagnosed on the basis of the clinical and dermoscopic findings, and sometimes with the help of simple investigations such as a direct examination of a skin scraping taken from a burrow. 94, 95 Occasionally, a biopsy is performed, but usually only in atypical cases where the clinical diagnosis is not straightforward. If taken from a burrow, a skin biopsy will reveal the presence of the mite, ova and/or feces between the stratum corneum and the underlying epidermis. In cases of Norwegian or crusted scabies, where the number of parasites is extremely high, these can be easily found in the stratum corneum, which in addition shows marked hyperkeratosis partly responsible for the clinical appearance.
Curled pink structures that have been compared to 'pigtails' are a very useful clue in the stratum corneum, even if the whole mite is not seen in that particular tissue section. These structures correspond to remnants of eggs or casings left behind after hatching. 96 In addition, it has been found that some mite parts, including attached and detached spines, and scybala (fecal material), are birefringent under examination with polarized light, making this a potential adjunct in the diagnosis of scabies. More precisely, scabetic spines may be circular on cross section and show a central dark core with peripheral birefringence, whereas scybala exhibit stippled birefringence. 97 If the mite is present, one can observe dermoscopically a small brown triangle at the end of the curved and scaly burrow, which corresponds to the anterior part of the mite (Fig. 16) . The curved burrow and the small brown triangle are reminiscent of the picture of a military delta jet with contrail. Therefore, the classical dermoscopic patterns of scabies are also referred to as 'jet with contrail' sign 95 .
Tungiasis
Tungiasis is a cutaneous infestation caused by the sand flea Tunga penetrans. It occurs mainly in tropical areas, such as South America and Africa. The pregnant female penetrates the skin, where it matures with the development of numerous eggs that are eventually shed. Each flea causes a white papule or nodule with a central black dot that corresponds to the posterior portion of the abdomen. Since the flea lives in the soil and is wingless, the patient's feet are, by far, the most common location of the lesions. 98 Histopathologically, there is acanthosis with hyperkeratosis and parakeratosis. The body of the flea occupies a cyst-like cavity lying in the dermis with connection to the overlying epidermis through an ostium. The ovaries containing numerous eggs are usually evident, and are a very characteristic feature of this infestation. 96, 98 A normal stratum corneum in the setting of severe epidermal damage In the setting of significant underlying epidermal damage, an intact stratum corneum is an important feature reflecting the acuteness of the process. The classical examples are erythema multiforme and toxic epidermal necrolysis (Stevens-Johnson syndrome). In spite of extensive and confluent epidermal necrosis due to confluence of individual necrotic keratinocytes, there is an overlying normal basket-weave stratum corneum (Fig. 17) .
Conclusion
The stratum corneum is often overlooked during routine histopathologic assessment of skin biopsies; however, it may, in many instances, provide invaluable clues to the diagnosis. In spite of a limited range of patterns in which the horny layer may respond, a firm knowledge of its morphologic 'nuances', in combination with its associated epidermal and dermal findings, may provide to be a useful tool for a correct diagnosis, in a wide spectrum of skin diseases.
